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A filter for the removal of siibstaiices from blood .products 

Tlie present invention relates to a filter for the removal, of 
leukocytes from blood or t>lood components and more particu- 
larly, to a leukocyte filter adapted for use in the blood pu- 
rification devices, such as blood bag -systems which are con- 
ventionally used for the separation of whole blood into leu- 
kocyte depleted hemocomponents . 

The blood filters to which the present invention relates, 
typically comprise a housing with inlet and outlet ports and 
at least a porous element, within the housing, interposed be- 
tween the inlet and .outlet port . 

The porous element usually- consists of a web which . may be 
formed by one or more layer's of filtering material, typically 
a non-woven fabric. 

According to the prior art , the porous elements can be pro- 
duced from any material compatible with blood, which i-s capa- 
ble of forming fibres including natural or synthetic fibres. 

The preferred materials are synthetic polymers, such -as par- 
ticularly polyolefins, polyesters and polyamides. 

Fibrous leukocyte filters are well-known in the prior art and 
are described e.g. in EP-A-0 313 348 and EP-A-0 397 403. 

Preferred materials for use in le\ikocyte filters are syn- 
thetic .resins,, which are adapted to be processed into ve3ry 
fine fibres (with a diameter preferably lower than 3 pim) by 
melt -blowing . 

The currently used preferred material is polybutylenetereph- 
thalate (PBT) . The surface properties of the employed fibre 
material can be modified to increase its wettability or its 
Critical Wetting Surface Tension (CWST) , which is a measure 
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of the hydrophiilicity of tiie material. 

To this end, fibres of a hydrophobic resin, such as PBT, have 
been coated with a more hydrophilic polymer, such as particu- 
larly hydrophilic acrylic polymers or cppolymers or hydro- 
philic polyurethanes . 

The polymeric material used for the fibres can also be ren- 
dered more hydrophilic by surface grafting the* polymeric ma- 
terial, particularly PBT, with compounds containing an ethy- 
lenically unsaturated group, such as an acrylic moiety ' com- 
bined with hydroxyl groups or methylacrylate or methylmetha- 
crylate and combinations thereof, as described in EP-A-0 313 
348. 

In general, a filter with a higher hydrophilicity is enhanc- 
ing the recovery of platelets, as described in US 5 580 465 
and US 4 618 533 . 

Also Icnown in the art are composite leukocyte filters com- 
prising polymeric fibres and solid particles to increase the 
total surface area of the filtering material. 

US 5 454 946 describes a filter material for filtering leuko- 
cytes comprising a web made by interlocked matrix fibres, 
mainly consisting of glass fibres and fibrillated particles 
of textile- fibre material disposed within . the spaces of the 
matrix. A thermoplastic binder is disposed at the cross -over 
portion pf the matrix fibres. The fibrillated particles do 
not have adsorption properties and are not porous in nature. 

US 6 33 7 026 also describes filtration media for leukocyte 
depletion of the type described in US 5 454 946 wherein the 
.particles have a very high specific surface area of at least 
10 0 m^/g and the weight ratio of the particles to the matrix 
fibres is less than 100. 

US 2001/00 09756 Al describes a device for reducing the con- 
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centration of low molecular weight compouiids in biological 
composition comprising an inert matrix containing adsorbent 
particles. The .compounds which can be removed, which have mo- 
lecular weight from 10 0 g/mol to about 3 0000 g/mol include 
pathogen -inactivating agents such as photoactivation prod- 
ucts, aminoacridines, organic dyes and phenothiazines . Such 
devices are not described for use din lexikocyte depletion. 

The present invention provides a filtering material and fil- 
ter devices which in addition to being able to remove low mo- 
lecular weight compounds from blood products and whole blood 
or blood components also achieve high efficiency in leiikocyte 
removal . 

The subject . matter of the invention is defined in the ap- 
pended claims . 

The filter device, which constitute a subject of the inven- 
tion, has a porous element comprising at least one fibrous 
web having a pore size suitable for leukocyte removal . The 
said web comprises fibres of a hydrophobic polymer which are 
at least partially coated with a hydrophilic polymer suitable 
to increase the Critical Wetting. Surface Tension (CWST) or 
hydrophilicity of said hydrophobic polymer. Suitable hydro- 
phobic polymers include polyolefins, such as polyethylene and 
polypropylene , polyamides , polyaramides , polyacrylics , poly- 
acrilonitriles , cellulose acetate, polyvinylidenef luoride and 
polyesters . The preferred polymer is polybutylenterephtha.late 
(PBT) . 

The fibre diameter of the non woven web . is generally in" the 
range of from 0.01 micron to 5 micron . 

The preferred technique for producing the fibres of- the non 
woven random web is by melt blowing technology. By that tech- 
nology, the intrinsic porosity and the fibre diameter distri- 
bution, of the fabric can be determined by the process parame- 
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ters sTictL as spiimeret cliaracteristics and setting, D.C.D. 
(Distance Conveyor to Die) , hot air and polymer tliroughput, 
process temperature, suction and positioning (e.g. inclina- 
tion) of ttie collector. 

The adsorbent particles are bonded to the fibre matrix so 
that they are not released under either static or flow condi- 
tions in contact with biologic fluids . Adsorbent microparti- 
cles' for use in the filter of the invention include micropar- 
ticles made of a .biocompatible material or at least partially- 
coated with a biocompatible material . Adsorbent particles or 
beads, suitable for removing toxicants from blood or plasma 
are known in the art. They include polymeric materials such 
as polyacrylics, polyesters, polyamides, polyacrylamides and 
polystyrene copolymers; a preferred material is polys tyrene- 
divinylbenzene (DVB) or polyamide. Also active charcoal, could 
be used. The particles or beads diameter may vary in a wide 
range generally of from 0.1 to 20 0 micron. However, it is 
particularly preferred the use of particles having a mean di- 
ameter lower than 3 0 pm. Also contemplated within the scope 
of the invention is the use of mi cropar tides having an in- 
ternal microporosity with a specific surface area higher than' 
200 m^/g up to about 8 00 m^/g or more. 

ff 

The hydrophilic polymer which is used to enhance the hydro- 
philicity of the hydrophobic fibres is preferably selected 
from co-polymers ' obtained by polymerization of. vinylacetate 
(VA) . and vynilpyrrolidone (VP) in a different mole ratio, 
such as VA/VP=50-r4 . 

* 

The adsorbent particles may be bonded to the fibre surface by 
means of several methods known in the art e.g. by heat treat- 
ment, inclusion methods and coating. However, according to 
the invention, the preferred method is by coating with the 
use of the same hydrophilic polymer which is used to enhance- 
the hydrophilicity of the fibre material. According to the 
preferred method a porous web of hydrophobic fibres (pref era- 
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bly PBT) is .impregnated or soaked with, a solution of ttie se- 
lected hydroptiilic polymer, including a solvent for the said 
polymer (e.g. an alcoholic solvent) solvent and in suspension 
said adsorbent particles . By properly selecting tlie concen- 
tration of the hydrophilic polymer in the solution and the 
amount of particles in the solution' it is possible to 
achieve, upon drying of the thus impregnating web, a filter- 
ing material wherein the adsorbent particles are bonded to 
the fibre surface and the fibre surface as well as the parti- 
cle surface is at least partially coated with the hydrophilic 
polymer. It as been found that such a coating does not impair 
the adsorption properties of the' adsprbent particles . In this 
method, preferably, the hydrophilic polymer, which as stated 
before is preferably polyvinylpyrrolidone, is used in tfcie im- 
pregnating solution with a concentration of from 0 . 1 to 5% by 
weight and the adsorbent particles, which are preferably made 
of polystyrene-DVB or polyamide are added to the solution in 
the amount of from 0.5 to 10% by weight, preferably 0.1 to 
10% by weight. 

Typically, the amount of adsorbent particles bonded to the 
fibre web is in the range of from 0.01 to 0.5 g per gr-am of 
web, preferably from 0.1 to 0.5 g/g. 

The overall porosity of the filter material of the invention 
is due to the diameter of the fibre, to the size of ttie mi- 
croparticles and to the distribution and the concentration of 
the microparticles . Then, through the use of the microparti- 
cles it is possible to reduce the porosity of the material in 
order to increase the leukodepletidh efficiency of the filter 
(without the need to drastically modify the original chiarac- 
teristics of the fibres material (e.g. the thickness) ) and 
hence to optimize its final profile. 

With the use of the adsorbent particles and particularly of 
polystyrene -DVB or polyamide particles with a high surface 
area, the filtering material of the invention also allows to 
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iremove low moleculax weight substances from blood and blood 
products such, as dyes and photoactive molecules such as viri- 
cide-potentiating agents, such as metylene blue, acrydinyl 
derivatives, psoralen and psoralen derivatives. 

Example 1: Comparison between a filter made with the new ma- 
terial and a filter made with conventional material. 

Whole • blood (WB) filters with the new filter material were 
compared with filters made with conventional filter material . 

The filter material according to the invention was made of a 
non woven web of PBT fibres coated with polyvinylpirrolidone 
and including bonded polyamide particles having a mean diame- 
ter of about 12 /im and with a particle content of abou.t 0 . 4 
g/g of web. 

Each filter was made with 3 0 layers of this new filter mate- 
rial . * 

The conventional filter material was a non woven web of PBT 
coated with the same polyvinylpyrrolidone solution used for 
the new filter material. 

WB filters with the conventional' filter material were made 
with 4 0 layers in one case and with 3 0 layers in the other 
one . 

Whole blood (range 450-550 ml) was collected from random do- 
nors in a PVC bag with 70 ml of CPD. All whole-blood dona- 
tions were cooled to 20-24'^C under 1,4 butane-diol plates. 
The filtration was performed by gravity. 

WBCs in the filtered blood were coianted in a Nageotte hemocy- 
tometer. 

The results obtaineci are summarised in the following table: 
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Filter 


New filter 


. Conventional 


Conventional 




material 


filter material 


filter material 




30 layers 


40 layers 


3 0 layers 


WBCs in 

filtered 

blood 


80000 ± 70000 


100000 ± 80000 


900000 ± 750000 



These experimental results sixow that the new filter material 
has higher efficiency in leukodepletion and it allows to ob- 
tain, the same results .of conventional filters with less mate- 
rial . 



Example 2 : removal of acridine derivatives from RCC 

A filter was made with the new filter material as described 
in example 1 with the use of PS-DVB mxcro'spheres in the 
amount of 0.4 g/g of web. 

The mean diameter of microspheres was 35 micron and the sur- 
face area was 9 00 m"/g. Thirty layers of this material were 
used to make a filter. 

An acridine derivatives was added to a bag of RCC with SAG-M 
(Vol. = ml* 270) in order to obtain a concentration of the ac- 
ridine derivatives of 200 micromol. 

The filtration was performed by gravity and the acridine de- 
rivatives content after the filtration was less then 1 micro- 
molar . 

With a conventional,^ filter (4 0 layers) there was no removal 
of the acridine derivatives. 



